and net acid excretion (21, 39) . In the rat these changes contribute to the maintenance of metabolic alkalosis (31). The increase in ammonia excretion occurs despite a rise in urine pH and may be seen in the absence of polyuria (39). It is presumably secondary to the enhanced renal ammonia production which has been demonstrated to occur in vivo following potassium depletion in the dog and in patients with cirrhosis (3, 13) .
Previous studies have demonstrated that renal ammonia production is increased during metabolic acidosis both in vivo (32) and in cortex slices examined in vitro (11, 23) , and that it is decreased in cortex slices (11, 23) Goodman, Fuisz, and Cahill (15) . In this procedure a group of rats were placed on a low-potassium, low-sodium diet (Nutritional Biochemicals Corporation, Cleveland, Ohio) to which NaCl, 170 mmoles/kg of diet, had been added. Isotonic saline was allowed ad libitum throughout the study and 1 mg of deoxycorticosterone acetate in sesame oil was given each day for the first 9 days. On the 12th day, all animals were deprived of the synthetic diet and tube-fed during the remaining 3 days of the study. One-half of the animals was potassium repleted by tube-feeding, 3 times/ day, 10 ml of a 15 % dextrose and water solution containing 2 mmoles of KCl. The other half was maintained in the potassium-depleted state by tube-feeding a solution containing only 15 % dextrose. After 3 days of tube-feeding, all animals were sacrificed for studies of tissue and plasma electrolytes and renal cortical metabolism. To determine the extent to which potassium repletion reversed the effects of potassium depletion, in some experiments, a third group of normal animals which had not been potassium depleted was added to the study at the time of tube-feeding. These animals were tube-fed 10 ml of a 15 % dextrose and water solution containing 0.2 mmole of KC1 3 times/day during the last 3 days of the study.
Acidosis and alkalosis were induced in the rats by tubefeeding ammonium chloride and sodium bicarbonate for 2 days according to a protocol previously described in detail (26) . Control animals were given sodium chloride.
Plasma and tissue electrolytes. Blood was obtained by bleeding decapitated animals into heparinized plastic tubes. The heparinized sample was immediately placed in crushed ice and the plasma separated from the red cells within 20 min by centrifugation at 4 C. Hemolysis was not observed. For determination of tissue sodium and potassium contents, about 200 mg each of renal cortex, liver, and the semimembranosis muscle were placed in tared tubes. The stoppered, tared tubes were reweighed both before and after drying.
The dried contents were then digested in 0.5 ml of 16 N nitric acid. Determinations were made on fresh tissue and on tissue leached according to a protocol similar to one described by Foulkes (12) . In this procedure, about 200 mg of tissue were rinsed 3 times, for 5 min each time, in 20 ml of cold isotonic saline. After being rinsed, the slices were placed in isotonic saline at 4 C and oscillated 60 times/ min in a metabolic shaker for 2 hr. After being leached, the slices were blotted on damp filter paper and placed in tared tubes. (26). Phosphoenolpyruvate (PEP) carboxykinase assay. About 250 mg of renal cortex or 500 mg of liver were obtained immediately after sacrifice and homogenized for 2 min at 4 C in 4.5 ml of 0.25 M sucrose. The homogenates were then centrifuged in a Beckman model L2-65B preparative ultracentrifuge at 100,000 X g for 1 hr. Assays for PEPCK activity were later performed on the frozen supernatants using a modification of the procedure described by Nordlie and Lardy (30). The incubation mixture contained 0.2 ml of the 100,000 X g supernatant and 1.3 ml of a solution containing 1.6 pmoles of reduced glutathione, 6.7 pmoles of oxaloacetate, 9.0 pmoles of inosine 5'-triphosphate, 9.0 pmoles of magnesium chloride, 20 pmoles of sodium fluoride, 44 pmoles of unneutralized Tris, and 50 pmoles of Tris-Cl (pH 8). Incubations were for exactly 5 min at 30 C, and were started by the addition of the 100,000 X g supernatant, and terminated by adding 1 ml of ice-cold 10 % trichloroacetic acid. Table 5 . Although potassium depletion, acidosis, and alkalosis all decreased muscle potassium content, the fall in muscle potassium \vas greatest during potassium depletion. Sixty percent of the muscle potassium lost during potassium depletion and 40 % of that lost during NaHCOa-induced alkalosis were replaced by an increase in muscle sodium. During acidosis, however, both the potassium and the sodium content of muscle were decreased (P < 0.0 1). Potassium repletion The data from studies in which the potassium content of renal cortex and liver was determined both before and after leaching are summarized in Table 6 . In renal cortex, potassium depletion significantly decreased total potassium (P < O.Ol), insignificantly decreased diffusible potassium (0.05 < P < O.l), but did not influence the nondiffusible potassium content. Acidosis significantly decreased both total and diffusible potassium content in renal cortex (P < 0.01). Despite the decrease in total potassium during acidosis, nondiffusible potassium increased rather than decreased (P < 0.01). Alkalosis did not significantly affect total potassium or potassium compartmentation of renal cortex in the experiments shown in Table 6 . In liver, potassium compartmentation was unaffected by potassium depletion, acidosis or alkalosie.
DISCUSSION
In most respects, the changes in renal metabolism found during potassium depletion are similar to those previously reported following acidosis. This similarity is demonstrated in Table 7 , which compares the effects of potassium depletion on glutamine and glutamate metabolism observed during the present experiments with those found following acidosis in our previous study (26). Both potassium depletion and acidosis increased the conversion of glutamine and glutamate in renal cortex slices to glucose, CO2, and ammonia. In addition, both potassium depletion and acidosis: a) increased glutamine but not glutamate uptake, b) increased glutamine conversion to glutamate, and c) increased glutamine conversion to glucose and CO2 more than it did that of glutamate.
These observations indicate that both potassium depletion and acidosis stimulate glutamine metabolism more than that of glutamate. This could occur secondarily to increased transport of glutamine, but not of glutamate into renal tubular cells. Another possible explanation is the increase in glutaminase activity known to be present during both acidosis and potassium depletion, since this would increase glutamine, but not glutamate metabolism.
These data are also consistent with the suggestion by Pitts (33) that ammonia production increases during acidosis because of enhanced transport or diffusion of glutamine into mitochondria. Alternately, both potassium depletion and acidosis may increase renal glutamine metabolism along pathways, such as the glutamine transaminase pathway, in which glutamate is not an intermediate. It has been demonstrated previously (26) that the increase in CO2 and ammonia production found in renal cortex slices from acidotic animals could be accounted for by the associated increase in CO2 and ammonia production Table  8 compares that data, on the observed and predicted increases in 14C0 2 and ammonia production following acidosis found in our previous study (26), with similar data derived from the present studies of potassium depletion.
The calculation of CO2 and ammonia production expected as a result of increased conversion of glutamate and glutamine to glucose, lactate, glutamate, and other products is detailed in our earlier study. It is apparent from the ratio of observed to predicted CO2 or ammonia production, shown in Table 8 , that the observed increase in CO 2 or ammonia production following either acidosis or potassium depletion was 75-120 % of the predicted value. During either state, therefore, most of the increase in CO2 and ammonia production can be explained by the increased conversion of glutamate and glutamine to other products. Phosphoenolpyruvate carboxykinase activity was increased by both acidosis and potassium depletion. Enhanced activity of this rate-limiting enzyme is presumably the explanation for the increased glucose production found during both acidosis and potassium depletion.
Although lactate production was increased during acidosis, it was unaffected by potassium depletion. Muscle potassium content was decreased more by potassium depletion than it was during acidosis. If the potassium content of the renal tubular cells responsible for lactate production is also decreased more by potassium depletion than by acidosis, this would offer a possible explanation for our observations on lactate production. Pyruvate kinase, a necessary step in the conversion of PEP to lactate, has been demonstrated to be stimulated by physiologic concentrations of potassium ions (22, 27) . Thus, although a common factor present during both potassium depletion and acidosis may increase renal cortical PEP carboxykinase activity, PEP concentration, and gluconeogenesis, lactate production may fail to rise during potassium depletion because of inhibition of pyruvate kinase.
In the present experiments kidney weight was increased by potassium depletion and acidosis but was unaffected by alkalosis. A similar increase in kidney weight was demonstrated in previous studies of potassium depletion by Brokaw (5) and during acidosis by Lotspeich (28) . This effect on kidney weight may be related to our observation that glu- suggest that both influence the kidney through a common mechanism. In the present experiments, potassium depletion, acidosis, and alkalosis all decreased muscle potassium, and to a lesser extent, renal cortical potassium content (Table 5 ). Since the effects of acidosis and potassium depletion on renal metabolism are opposite to those of alkalosis, generalized potassium depletion per se cannot be the common factor which regulates renal ammonia production during both potassium depletion and changes in acid-base status.
Although the changes in total tissue potassium content are qualitatively similar during acidosis, alkalosis, and potassium depletion, this is not the case when potassium compartmentation is examined. Foulkes (12) found that potassium depletion and acidosis decreased total and diffusible, but not nondiffusible, potassium in renal cortex. Our experiments gave similar results in that diffusible potassium was significantly decreased by acidosis (P < 0.01) and may have been decreased by potassium depletion (0.05 < P < 0. l), while the nondiffusible potassium content was either unaffected or, in the case of acidosis, actually increased. These observations raise the possibility that a decrease in diffusible potassium may be the factor common to both acidosis and potassium depletion which increases renal glutamine metabolism. 
